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lon-beam transport in space charge neutralizing discharge channels has been proposed for the final
focus and chamber transport in a heavy-ion fusion reactor. A driver scenario with two-sided target
illumination requires a system of two intersecting discharges to transport beams of the same charge
from opposite sides towards the fusion target. In this article we report on experiments on the
creation of free-standing, intersecting high-current discharge channels. The discharges are initiated
in ammonia gas (Nk) in a metallic chamber by two perpendicular Elaser beams, which
resonantly heat and subsequently rarefy the gas along the laser paths before the breakdown. These
low density channels guide the discharges along the predefined paths and also around the 90° angles
without any mechanical guiding structures. In this way stable X-, T-, and L-shaped discharges with
currents in excess of 40 kA, at pressures of a few mbar were created with a total length of 110 cm.
An 11.4 A MeV *®Ni**? beam from the UNILAC(Universal Linear Acceleratdtinear accelerator

was used to probe the line-integrated ion-optical properties of the central channel in a T-shaped
discharge. ©2003 American Institute of Physic§DOI: 10.1063/1.1569395

I. INTRODUCTION very stable interaction with the target in a symmetric ar-
rangement with a two-sided return path. However, for
Plasma-channel based final beam focus and transport isertial-fusion energy, mechanical structures for the current
an interesting alternative to other transport modes in the tareturn can not be used inside the reactor chamber, since they
get chamber of a heavy-ion beam fusion reattdrA  would be destroyed in every pellet explosion.
plasma-channel based reactor with two sided target illumina-  In an experiment at the Gesellschaft ichwerionenfor-
tion requires two discharges and one or more current-returschung(GSlI) described in the following, intersecting, free-
paths in order to provide a focusing magnetic field for twostanding discharges were initiated by two perpendicular laser
beams of the same charge, propagating from opposite sidégams without any other guiding structures at pressures of
towards the fusion targétThe feasibility of producing mul- only a few mbar. Two channels with a length of 29 and 21
tiple intersecting channels has already been demonstrated &m, respectively, converging linearly from opposite sides to-
the seventies by laser-induced, aerosol-initiated airwards the intersection poiritP) together with two 30 cm
breakdown guided V-shaped discharfedowever, due to long current-return channels, perpendicular to the other two
the high required gas pressure and the poor stability of thelischarges, were produced. The discharge channels are
channels, this method is not suited for a reactor applicationguided by two perpendicular GQaser beams, which are
Experiments on multiple discharges were also performedesonantly absorbed in low pressure ammonia gas. The two
with exploding wires. In those experiments a 30 cm long laser beams meet exactly in the IP in the center of the dis-
center channel and two current return paths with a length ofharge chamber. As the heated gas expands, a gas-rarefaction
10 cm were initiated, at discharge currents of up to 40 kKA. Inchannel of the shape of a cross is formed along the laser
ion-beam transport experiments a 14 kA, 1.1 MeV protonpeams, with preferred breakdown conditions for the subse-
beam from the Reiden IV pulsed power machine was transquent high-current discharge. Therefore the discharge chan-
ported through the center channel with high efficieh&x-  nels are guided along the laser paths and around the corners.
periments in Berkeley on ultraviol¢UV)-laser initiated dis-  With this technique it was possible to produce L-, T-, and
charge channels produced two converging discharges from-shaped, free-standing discharges with a total length of 110
opposite sides towards a brass ball target in the center of them (see Sec. I). Beam transport experiments with an 11.4
discharge chamber, connected by one or two metallic rodaMeV °Ni*™12 beam from the GSI linear accelerator, which
for the current returi~*! These experiments produced un- was used to analyze the ion-optical properties of the dis-
stable channels with a single sided brass rod return path pegharge, will be presented in Sec. IV.
pendicular to the laser initiated channels but demonstrated a

Il. EXPERIMENTAL SETUP
dpresent address: Lawrence Livermore National Laboratory, 7000 East Av-

enue, Livermore, CA 94550; electronic mail: niemann1@Iinl.gov The discharges are created in a cyIinQricaI Stai'_"less'slteel
Ypresent address: University of Nevada, Reno, NV 89557. chamber of 50 cm length and 60 cm diameter, filled with
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pepperpot

~Ucharge Um‘};;repulse generator 70 cm long copper bands, that connect the two cathodes. The
st ground of the high-voltage cables is connected symmetri-
f=l5m oD z(ioﬁ cally to these copper bands in the middle between both cath-
T™MQ 3 uH odes. Both pulse generators as well as the discharge chamber
= M are enclosed in Faraday cages with only small entrance ports
boam | s N | for the laser beams and the diagnostics to shield the electro-
splitter | 10M]] ‘, magnetic noise.
& Znse I For the beam-transport experiments the discharge cham-
roots pump L0V i ber was integrated into the Z4 beamline of the GSI UNILAC
ﬁ L ém‘?ﬂ’m (Universal Linear Acceleratprinear accelerator. Since the
I bmn o I

maximum available particle energy is 13 A MeV and the
stopping power in matter is rather high, an entrance window
from the accelerator to the discharge chamber can not be
used. Therefa a 2 mlong differential pumping section con-
sisting of several roots- and turbo-pumps reduces the pres-
| sure gradually from initially a few mbar inside the chamber
Faraday cage l down to the 10® mbar environment of the accelerator-beam
______ = pipe. A molybdenum pepperpot mask, which is also used as
a final bending mirror for one of the two laser beams, pre-
generator | 4 cables RG214 pares nine circular ion beamlets from the whole UNILAC
beam oriented in the shape of a cross. A fast plastic scintil-
lator, mounted in a 15 mm diam hole in the back side cath-
ode, in combination with a fast shutter camera is used to
analyze the temporal shift of the individual beamlets and

ammonia gas (N§) at pressures below 10 mbar. Four thus the line integrated ion optical properties of the channels,

stainless-steel electrodes are mounted on opposite sides, i the magnetic field of the discharge evoltese Sec. IV.

sulated from the chamber by plexiglass flanges. Two cath-

odes are located qt the symmetry axis of the chamber whﬂﬁl_ CREATION OF INTERSECTING DISCHARGES

two anodes are oriented perpendicularly. All four electrodes

are arranged in the same plane, indicating the shape of a In a low-current discharge from the prepulse generator
cross(Fig. 1). The discharges are guided by two £@ser (4.9 J, 1 kA, triggered a few microseconds after the laser
beams in the chamber. Resonant absorption of the laser withulse at a gas pressure of 5 mbar, the following discharge
its wavelength tuned to the vibrations of the ammonia mol-behavior is observed: instead of the two required intersecting
ecules leads to a strong heating and subsequent rarefactionditcharges, only one L-shaped discharge with two straight
the gas. The laser-gas interaction and channel-initiatiomhannel sections and a bending radius not bigger than 10 mm
mechanism were studied previously for straight discharges att the IP is created. The channel does not take a shortcut
GSI and elsewher&®~1° An f=1.5m concave mirror fo- through the unheated gas but follows at all times the laser
cuses the laser before it is split into two beams of equabeam and is therefore bent around the corner by 90°. Figure
intensity by a 50/50 beam splitter. Both beams enter the dis2 shows two representative fast shutter camera images at
charge chamber through ZnSe—vacuum windows and 15 muifferent times, shortly after the breakdown, and around the
bore holes in the upper anode and the left cathode. The twourrent maximum. Dotted lines indicate the initial footprints
laser beams meet in the center of the chamber, which is alsaf the two intersecting laser beams. Due to the narrow
the position of the beam waists, and form the shape of aacuum window ont a 5 cmwide central section of the
cross. The footprint of the rectangular beam profiles varieghannels can be observed. Previous experiments onl&O
only slightly from 0.9 crd in the focus to 1.1 chnear the  ser initiated discharges in Nthave measured a reduction of
electrodes. In each beam the maximum energy density wake gas density of up to 70% for a laser energy density of
around 1 J/crh Four plexiglass tubes extend 10 cm from all around 2 J/crhin 15 mbart? With a pd product of around
four electrodes into the chamber to prevent breakdown di2x 10° Torrcm the breakdown behavior is characterized by
rectly to the metallic wall. A few microseconds after the laserthe linear right-hand side branch of the room temperature
pulse a capacitor bank of 1.3—7:8- charged to 20 kV is Paschen curve. The condition for the discharge to follow the
connected to the electrodes by a spark-gap switch, and tHaser path around the right angle instead of the shortest way
discharge channels are formed along the laser paths. A lothrough the unheated gas is a smalpet along the longer
energy predischarge can optionally be applied before thpath due to a smaller loca. It follows easily from geo-
high-current discharge from a second pulse generator with metrical considerations thgbdd along the laser becomes
200 nF capacitor, charged to a few kV. This predischarge wasomparable or smaller thapd along the diagonal, if the
designed to stabilize or shape the subsequent high-curredensity along the laser is reduced by a factor of21/
discharge. The main-pulse generator is connected by twe-0.71, which is readily fulfilled by the laser gas heating.
RG214 high-voltage cablesf @ m length to each of the The formation of the L discharge can be explained as
anodes, which are at the same potential. Two 10 cm wide anfbllows: the laser energy is not absorbed homogeneously in-

plexiglass
late —*|
NH, | P

\J v
turbo  turbo Toots
pump pump  pump

FIG. 1. Experimental setup for the intersecting channels.
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FIG. 3. Current balancing by an impedance matching: different discharges
produced with a metal rod of different length, extending the lower anode
-10 0 10 20 -10 0 10 20 towards the intersection point. The pictures were all recordgd after the

z (mm) z(mm) voltage breakdown.

FIG. 2. Fast-shutter camera images of a low-current discharge in 5 mbar
ammonia for two different times after the breakdown. Due to the size of the

vacuum windows only the 5 cm wide central section of the channels can be . . o .
observed. The dotted lines indicate the footprints of the laser beams. € channel section with the larger initial discharge current

builds up even better conditions for the dischafbegher

conductivity, lower impedangecompared to the other chan-
side the chamber. Along the laser path, the absorptiomel section. In the experiments the duration of the T-channel
dl(z)/9z varies proportional tar-1(z), wherel(z) is the phase, where two current return paths can exist simulta-
laser energy at the position and o the absorption-cross neously, could be increased to almost the duration of the
section. Apart from saturation effectr€o(1)), which  discharge by a propgod balancing. X-shaped low-current
were observed in previous experimetts? this leads to an discharges or L discharges from the left cathode towards the
exponential decrease of deposited energy along the las&wp or bottom anode were also created at slightly higher pres-
path. Consequently, the gas near the left cathode and ttsires of up to 10 mbar. However, the asymmetric chamber
upper anode is heated stronger than the gas near the rigg¢ometry and laser absorption did not allow a reproducible
cathode and the bottom anode, which leads to a better gasitiation of X-shaped discharges and lead to the transforma-
rarefaction and preferred conditions for the discharge. Betion of X into T discharges a few microseconds after the
sides, the discharge chamber is not symmetric along the ioereakdown. In channel—target interaction experimeénee
beam axis(left—right). The distance from the left anode to also Sec. V, a laser-beam stop near the IP was used to pre-
the IP of the crossed channdl29 cm) is bigger than the vent gas heating and to artificially increase theé product
distance from the IP to the right ano@l cm). As a conse- only in the right horizontal channel section. In this condition
guence of this impedance imbalance the entire discharge cul- or T-shaped discharges were produced only towards the
rent flows only through the upper and right channel sectionseft cathode. This demonstrates that X-shaped discharges
and an L channel is formed. The deficient gas rarefactioshould be easily produced in a symmetric chamber, as it will
near the bottom anode can be compensated by a shorter dise used for a fusion reactor. For UV-laser initidfdr ion-
tance between this anode and the IP. This curremicobal-  beam initiated dischargé8where the initial conditions are
ancing was realizedyba 1 cmdiam stainless steel rod of considerably more symmetric along the laser paths than in
adjustable length, extending the bottom anode towards theur case, the current balancing of intersecting discharges
IP, to match the impedances of the upper and lower channshould also be much easier. The experiments performed in
sections. The effect of the rod is illustrated in Fig. 3. WithoutBerkeley, with metal rods replacing the second perpendicular
the extension rod the current flows entirely through the uppedischarge, produced two converging channels simultaneously
channel sectior(a). A rod with only 1 cm length already each time'®*However, a small current imbalance due to an
draws a visible fraction of the current towards the bottomimpedance imbalance was also observed there.
anode(b). A 3 cm long rod yields in this conditions an al- Also the high-current dischargd0 kA) follows the laser
most perfect current balance between the upper and thieotprints to form a T-shaped plasma channel. In the experi-
lower channel sectioific). At an even shorter distance be- ments it was not possible to produce L-shaped high-current
tween the IP and the lower anode, the breakdown occurs onlghannels. Even with an extending metal rod of several cm
towards the bottom anodé). The balance depends very length at one of the electrodes and / or a preceding L-shaped
sensitively on the laser absorption and thus on the gas prebw-current discharge, the subsequent high-current discharge
sure and the laser wavelendthAt a higher gas pressure, the forms a T channel. The formation of multiple channels is
temperature difference between the laser heated gas near tinerefore easier at higher discharge currents. A series of fast
entrance and the exit anode is even more emphasized. ghutter photographs of the high-current discharge at different
balanced system, creating a T channel at a certain pressutienes after the breakdown is shown in Fig. 4. The temporal
will create an L-shaped discharge upwards at higher presvolution shows two separate L channels near the IP at early
sures and an L-discharge downwards at lower pressures. thnes, with a bending radius of a few mm. Afte® the two
pressure difference of less than 1/2 mbar was in this experhorizontal channels, which are separated by a few mm close
ment sufficient to compensate a rod length of 1 cm, which igo the IP, merge to one. The discharges are surprisingly stable
in agreement with the Paschen law. After some microsecondsp to late times after the current maximum. After a few mi-
a T-shaped discharge transforms into an L discharge whecroseconds, a displacement of the two vertical channel sec-
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] ) ) ) ) upper and lower channel section towards the left side. The central channel is
FIG. 4. A series of pictures of a T-shaped high-current discharge in 5 mbamnly slightly displaced downwards, since the azimuthal magnetic field of the

A maximum discharge current of 40 kA is reached aftenst The dotted  ypper and lower current-return channel cancel each other almost entirely.
lines indicate the position of the two laser beams.

between the holes. The central hole was missing and one
tions of a few mm towards the left side can be observed. Duadditional hole was located at an asymmetric position at 45°.
to the 90° angles, the two current-return channels experiencehe azimuthal magnetic field of the discharge bends these
the azimuthal magnetic field of the center channel. Thébeamlets towards the discharge axis, depending on their ra-
higher magnetic pressure inside the bending section resultiial position. Positively charged ions, which enter the chan-
in a net force towards the left side. This force decreases withel along the direction of the discharge-current flgvom
the distance y from the IP. The center channel is not disthe anode to the cathogere bent towards the discharge axis
placed since the opposite currents from the two return charwhile ions propagating in opposite direction are bent out-
nels just compensate. Figure 5 compares the displacementwhards and the beam is defocused. An X-shaped discharge
the three channel sections in a T-shaped high-current digan not be diagnosed by the ion beam since the ions would
charge as a function of time. The current dengityl/( be transported only up to the IP before the beam is defo-
-r?) was calculated from the total discharge curfeahd the  cused. A T-shaped discharge was used instead to investigate
channel diamete(full with half maximum), which was de- the effect of the IP on the overall ion-optical properties of the
termined from the fast-shutter photographs of the plasma-setfischarge. The beam initially drifts through the first half of
emission. Around 2us after the breakdown the discharge the discharge chamber without the influence of a magnetic
pinches and the smallest channel diameter and thus the higfield and is then transported through the right horizontal
est current density is reached. While the current density iplasma channel, which provides a focusing azimuthal mag-
large enough1 us until 6 us) the upper and lower channel netic field. A fast plastic scintillato(Bicron BC-400 inside
sections are displaced. As the discharge current decreasé® hollow cathode was used to visualize the ion distribution
and the channel expands strongly after the current maximuniehind the chamber. A total ion-beam current of around 50
the displacement saturates at a value of 6 to 8 mm. In apA before the pepperpot mask allowed an exposure time as
X-shaped discharge with proper current balancing the mageow as 30 ns with an image intensified camera, which is fast
netic fields of all four channel sections cancel and none oénough compared to the dynamics of the discharge. The high

the channels is displaced. ion-beam current causes a rapid aging of the scintillator ma-
terial, which must be replaced frequently. Scintillator light
IV ION-BEAM TRANSPORT EXPERIMENTS emission due to the laser beam and the discharge itself is

prevented by a thin Al foil in front of the scintillator with a
An 11.4 A MeV *Ni*12 peam from the 100 m long negligible energy loss of the ion beam. Both, the ion and the
UNILAC linear accelerator at GSI was used to probe thelaser beam as well as the center of the pepperpot cross are
ion-optical properties of the discharge and thus the azimuthalligned to the symmetry axis of the discharge chamber. How-
magnetic field and the current-density distribution inside thesver, due to the large laser beam sizelQ mm) an uncer-
plasma. For this purpose nine circular 1 mm diam beamlettainty in the position of the discharge axis of a few mm is
were selected in a cross shaped configuration from the 1fypical. If the discharge axis is not exactly aligned to the
mm diameter Gaussian ion beam by a molybdenumeenter of the pepperpot cross, the beamlets are deflected to-
pepperpot mask. The holes in the mask were distributevards a point, which indicates the actual discharge axis as
equally along thex andy axis with a distance of 1 mm soon as a magnetic field is present. Figure 6 shows the
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FIG. 6. Fast-shutter photographs of the scintillator-light emission caused by =<
the heavy-ion beam behind the discharge channel for a discharge aligned™
exactly to the ion-beam axig) and the discharges displaced by 2 mm in the

x direction (b). The exposure time was As to image the trend of the ] - —
beamlet motion towards the point, that indicates the discharge(@dashed 0 2 4 6 8
lines). t(us)
2us 32us 85us
4 4 4
L
e, 2 o sy @ 2
A | . Eol A5 |Io] 4 [[.M0 8
scintillator-light emission for two discharges with different > , =5 ’ > 5 &
axis relative to the pepperpot cross. During the exposure . (b) " () " .. ®

time of 1 us the magnetic field in the plasma changes and the 4 20 2 4 4 20 2 4 4 20 2 4
beamlets are streaked towards the discharge axis. While Fig. xom xom xom
6(a) represents a discharge with a perfect alignment in FigFIG. 7. Photographs of the scintillator light emission for different times
6(b) the laser beam and thus the channel axis were displacé’é‘””g the discharge as well as the discharge current. The exposure time was
. . . 30 ns each time. A focus can be observed at aroungk8.7
by 2 mm in thex direction. The trend of the beamlets clearly
points towards the new discharge axis, which is marked by
the dotted lines. This behavior demonstrates, how sensitively
the discharge follows the laser beam. In the experiments this
method was used to optimize the alignment of the laser andA)vXB, wherem, is the proton massg the elementary
the ion beam. charge A the number of nucleons, ar@l the charge state of
A series of fast-shutter photographs of the scintillator-the ion. The charge state was estimated by the empirical Betz
light emission with an exposure time of 30 ns is shown informulal’ which gives the center of mass of the equilibrium
Fig. 7, together with the discharge-current evolution. Thecharge state distribution after stripping of the ions in the gas
picture (a) shows an image of the original pepperpot crossof the differential pumping system. Inside the plasma chan-
without the discharge. At 2s after the breakdown the beam- nel, the charge state was assumed to remain constant. The
lets are focused slightly towards the discharge &jsThe  Betz formula yields a charge state of 26 for the used 11.4 A
shape of the cross is strongly distorted, which indicates aieV ggmm beam. The transverse position of each beamlet is
inhomogeneous current-density distribution. At this time,traced through the plasma channel, by numerically solving
when the discharge pinches to its smallest diameter, ththe equation of motion, and the expected scintillator image
channel is smaller than the size of the pepperpot cross, leabehind the discharge channel is constructed. A comparison
ing the outer most beamlets in a region where the magnetibetween the measured and the simulated focusing strength of
field decreases nonlinearly with the distance from the disthe discharge is given in Fig.(&. The graph shows the
charge axis. As the current density rises the pepperpot crosemporal evolution of the normalized size of the pepperpot
is focused to smaller sizes. The smallest focus is reached atoss, measured behind the channel. At the pinch time of the
around 2.5us (c). The focusing strength then decreases indischarge at around 2s, the maximum current density dis-
time as the discharge current drops and the channel expandsbution reduces the size of the pepperpot image by more
At very late times(f), the reversed current flow leads to a than 80%. The results from the simulation, assuming a ho-
defocusing of the beamlets, and the pepperpot image is magiogeneous current density distribution, show an excellent
nified. Apart from the pinchtime {2 us), the scintillator agreement with the measurements. The current deffSigy
shows always an almost undistorted, scaled image of th8(c)] was calculated from the total discharge current and the
pepperpot mask. This is an indication that—apart from thechannel diameter as measured from the fast-shutter photo-
pinchtime—the discharge behaves like an ideal ion-opticagraphs of the plasma-self emission. This shows, that the en-
element with a homogeneous current-density distribution antire discharge current flows through the plasma channel and
consequently a linear magnetic field inside the plasma.  not partially around the insulators in parasitic discharges.
Simulations with a simple Monte Carlo code were com-Figure &b) gives an overview of the distribution of the in-
pared to the experimental scintillator images. The trajectoriedividual beamlets behind the channel. The inhomogeneity
of an ion, propagating through the plasma channel, can easifactorsf,=(2-x—d)/d andf,=(2-y—d)/d are a measure
be calculated from the Lorentz-force equatione-C/(m,  of the deviation from a homogeneous current density distri-
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” 1.2E e O o ] plasma channel. Therefore the target will be in position be-
S 1.0 R E fore and during the discharges are initiated. Since the target
% 0.8 ;-' o* 3 will be in direct contact with the discharge plasma in the IP,
3 os6F |- Fa) E the channel—-target interaction has to fulfill two conditions:
2 04F F o ® measurement J the discharge or the laser beams must not heat the pellet
s 0.2f ) .ﬂ'ﬁ O simulation ( a)_; before the arrival of the ion beam pulse, and the pellet must
0.0t 1 not disturb the stability of the plasma channels. A simple
~ 1507 ] target design to overcome those problems was proposed in
3 : z; - g; g;ﬁ ygo ] Berkeley*® The actual indirect drive target is embedded in a
3 oo~ ¢>¢>d4> 0] conducting mesh with four thin metallic wires of a few cm
g 50:_ & X g ] length pointing towards the directions of the four channel
é’ r ’§ X 1 sections. The wires serve as “anchors” for the discharges to
S ba & x % B Rt ] intersect exactly at the target position. Due to the conducting
£ o 9% R R 7 (on mesh, the current is carried around the target and the fusion
1.0F : 125 pellet is not heated by the discharge before the arrival of the
~ 08F %@%j , = FWHM (C)_; zog ion-beam pulse. Preliminary experiments on the channel in-
£ o6 Fy . e §15§ teraction with simple targets in the IP have been performed
g o4 " ?-4% ________ sizeof _310Z at GSI. The metal targets were mounted on a plastic rod,
=02 o N Pepperpot cross 15 £ connected to the bottom anode, which allowed only interac-
0.0t oo 30 tion experiments with the three remaining channel sections.
0 2 4 6 8 10 12 T .
t (us) One of the targets used was a thin circular 1 cm diam copper

sheet, with a circular 5 mm diam hole in the center, and three
FIG. 8. Temporal evolution of the focusing strength of the dlSCh@gﬂnd p|ns p0|nt|ng towards the two cathodes and the upper anode.
the deviation from a homogeneous current density distributmn The - .
simulated points were obtained from ion-beam trajectory calculations with e;rhe expenment; showed, tha,tt mUItlple Cham(ﬁéle'ha_nne&
homogeneous current density distribution. The inhomogeneity fagiofhb) were more easily created with the target than without. An
is a measure of the deviation of the current density from a homogeneouk-shaped discharge without the target turned in all cases into
distribution. In a perfect homogeneous current density chahmeduld be g T discharge as soon as the target was used, independent of
exactly 0. the pressure. The discharges were completely separated by
the target and the current in the IP was entirely carried inside
the metal sheet as envisioned in the Berkeley target proposal.
bution in the horizontal and vertical direction. A discharge However, the electromagnetic field enhancing needles did
with a perfect homogeneous current distribution and thus &0t influence the breakdown behavior near the target. The
linear magnetic field acts like an ideal ion-optical element. InPréakdown path of the discharge was solely defined by the

this case the relative spacing between individual beamlet&Se€r béam, independent of the position of the needles.

does not change with the magnetic fielti (=0), while
only the size of the pepp_erpot image is scaled. The fadtors VI. CONCLUSION
andf, compare the relative spacings of the outer beamiets (
or y) and the inner beamletsl). As Fig. 8b) shows,f de- We demonstrated the feasibility to produce free-
viates from 0 by more than 50% during the pinch time of thestanding, intersecting discharges by C&-laser initiation in
discharge. This is partially due to the fact, that the channehmmonia gas. This method allowed to create L-, T-, and
diameter at this time is smaller than the pepperpot diess ~ X-shaped discharges with currents in excess of 40 kA at
8(c)], leaving the outer beamlets in a region with a nonlin-pressures below 10 mbar. A current imbalance, due to an
early decreasing magnetic field. This is also in agreemenimpedance imbalance was observed, and can be explained by
with the fact thatf, ,>0, since the inner beamlets are fo- the inhomogeneous laser-energy absorption along the laser
cused stronger in this case. Already8 after the breakdown path and the asymmetric chamber geometry. It was demon-
and especially at the time of the current maxim(us) or  strated, that this current imbalance can be compensated by a
later, f, , are close to 0 and thus the magnetic field inside theproper impedance matching. T-shaped high-current dis-
plasma is linear. These experiments demonstrate that a heagfiarges with a current of more than 40 kA were stable for
ion beam can be transported through an intersecting digimes longer than the current rise time.
charge with high efficiency. The current density distribution It was shown that two symmetric current-return paths
is at most times such of an ideal ion-optical lens. The beancompensate the net magnetic field acting on the central dis-
current distribution that enters the discharge channel is thereharge channel, which is stabilized in this way. The magnetic
fore reproduced behind the channel. forces near the intersection point in an asymmetric arrange-
ment on the other hand, lead to a displacement of the dis-
charges by several mm.
V. CHANNEL-TARGET INTERACTION lon-beam transport experiments with an 11.4 A MeV
The fusion targets will be injected into the reactor cham->®Ni*?* beam showed that the magnetic field of the 21 cm
ber with a repetition rate of a few Hz. The target injectionlong central section of a 40 kA T-shaped discharge is suffi-
velocity is small compared to the dynamical timescale of thecient to transport the ion beam over almost one half of a
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